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ABSTRACT

An apparatus and method for laser probing of a DUT 1s
disclosed. The system enables laser voltage imaging state
mapping of devices within the DUT. A selected area of the
DUT 1s 1lluminating a while the DUT 1s receiving test signals
causing certain ol the active devices to modulate. Light
reflected from the DUT 1s collected and 1s converted into an
clectrical signal. Phase information 1s extracting from the
clectrical signal and a two-dimensional 1image 1s generated
from the phase information, wherein the two-dimensional
image spatially correlates to the selected area.
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1

SYSTEMS AND METHOD FOR LASER
VOLTAGE IMAGING STATE MAPPING

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of priority from U.S.
Provisional Patent Application No. 61/174,962 filed on May
1, 2009, the entire disclosure of which 1s relied upon and
incorporated by reference herein.

BACKGROUND

1. Field of the Invention

The present invention relates to an apparatus and method
for probing integrated circuits using laser 1llumination.

2. Description of the Related Art

Probing systems have been used 1n the art for testing and
debugging integrated circuit (IC) designs and layouts. Vari-
ous laser-based systems for probing IC’s are known in the
prior art. While some description of the prior art 1s provided
herein, the reader 1s encouraged to also review U.S. Pat. Nos.
5,208,648, 5,220,403 and 5,940,545, which are incorporated

herein by reference 1n their entirety. Additional related infor-
mation can be found 1n Yee, W. M., et al. Laser Voltage Probe
(LVP). A Novel Optical Probing Technology for Flip-Chip
Packaged Microprocessors, 1n International Symposium for
Testing and Failure Analysis (ISTFA), 2000, p 3-8; Bruce, M.
ct al. Waveform Acquisition from the Backside of Silicon
Using Electro-Optic Probing, 1n International Symposium
for Testing and Failure Analysis (ISTFA), 1999, p 19-23;
Kolachina, S. et al. Optical Waveform Probing—Strategies
for Non-Flipchip Devices and Other Applications, 1n Inter-
national Symposium for Testing and Failure Analysis
(ISTFA), 2001, p 51-57; Soref, R. A. and B. R. Bennett,
FElectrooptical Effects in Silicon. IEEE Journal of Quantum
Electronics, 1987. QE-23(1): p. 123-9; Kasapi, S., et al.,
Laser Beam Backside Probing of CMOS Integrated Circuits.
Microelectronics Reliability, 1999.39: p. 957; Wilsher, K., et
al. Integrated Circuit Wavetorm Probing Using Optical Phase
Shift Detection, 1n International Symposium for Testing and
Failure Analysis (ISTFA), 2000, p 479-85; Heinrich, H. K.,
Picosecond Noninvasive Optical Detection of Internal Elec-
trical Signals 1n Flip-Chip-Mounted Silicon Integrated Cir-
cuits. IBM Journal of Research and Development, 1990.
34(2/3). p. 162-72; Heinrich, H. K., D. M. Bloom, and B. R.
Hemenway, Noninvasive sheet charge density probe for inte-
grated silicon devices. Applied Physics Letters, 1986. 48(16):
p. 1066-1068; Heinrich, H. K., D. M. Bloom, and B. R.
Hemenway, Erratum to Nomnvasive sheet charge density
probe for integrated silicon devices. Applied Physics Letters,

1986.48(26): p. 1811; Hewnrich, H. K., et al., Measurement of

real-time di gltal 31gnals in a silicon blpolar Junctlon transistor
using a noninvasive optical probe. IEEE Electron Device
Letters, 1986. 22(12): p. 650-632; Hemenway, B. R, et al.,

Optical detection of charge modulatlon in silicon 1ntegrated

circuits using a multimode laser-diode probe. IEEE Electron
Device Letters, 1987. 8(8): p. 344-346; A. Black, C. Cour-

ville, G Schulthels H. Heinrich, Optlcal Sampling of GHz
Charge Density Modulation in SIlicon Bipolar Junction Tran-
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which are incorporated herein by reference 1n their entirety
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(2008) 1322-1326, 19th European Symposium on Reliability
of Electron Devices, Failure Physics and Analysis (ESREF
2008).

As 1s known, during debug and testing of an IC, a commer-
cially available testing platform, such as, e.g., Automated
Testing Equipment, also known as an Automated Testing and
Evaluation (ATE) tester, 1s used to generate test patterns (also
referred to as test vectors) to be applied to the IC device under
test (DUT). Various systems and method can then be used to
test the response of the DUT to the test vectors. One such
method 1s generally referred to as laser voltage probing
(LVP). When a laser-based system such as an LVP 1s used for
probing, the DUT 1s i1lluminated by the laser and the light
reflected from the DUT 1s collected by the probing system. As
the laser beam strikes the DUT, the laser beam 1s modulated
by the response of various elements of the DUT to the test
vectors. This has been ascribed to the electrical modulation of
the free carrier density, and the resultant perturbation of the
index of refraction and absorption coetlicient of the material
of the IC, most commonly silicon. Accordingly, analysis of
the retlected light provides information about the operation of
various devices in the DUT.

FIG. 1 1s a general schematic depicting major components
of a laser-based voltage probe system architecture, 100,
according to the prior art. In FIG. 1, dashed arrows represent
optical path, while solid arrows represent electronic signal
path. The optical paths represented by curved lines are gen-
crally made using fiber optic cables. Probe system 100 com-
prises a laser source which, in this particular example, 1s a
dual laser source, DLS 110, an optical bench 112, and data
acquisition and analysis apparatus 114. The optical bench 112
includes provisions for mounting the DUT 160. A conven-
tional ATE tester 140 provides stimulus signals and receives
response signals 142 to/from the DUT 160 and may provide
trigger and clock signals, 144, to the time-base board 155. The
signal from the tester 1s generally transterred to the DUT via
testboards, DUT board (adapter plate) and various cables and
interfaces that connect all of these components. The time-
base board 155 synchromizes the signal acquisition with the
DUT stimulus and the laser pulses. Workstation 170 controls
as well as receives, processes, and displays data from the
signal acquisition board 150, time-base board 155, and the
optical bench 112.

The various elements of probe system 100 will now be
described 1n more detail. Since temporal resolution 1s of high
importance in testing DUT’s, the embodiment of FIG. 1 uti-
lizes prior art pulsed lasers, wherein the laser pulse width
determines the temporal resolution of the system. Dual laser
source 110 consists of two lasers: a pulsed mode-locked laser,
MLL 104, source that 1s used to generate 10-35 ps wide
pulses, and a continuous-wave laser source, CWL 106, that
can be externally gated to generate approximately 1 s wide
pulses. The MLL 104 source runs at a fixed frequency, typi-
cally 100 MHz, and must be synchronized with the stimulus
142 provided to the DUT 160, via a phase-locked loop (PLL)
on the time-base board 155, and the trigger and clock signals
144 provided by the ATE tester. The output of the DLS 110 1s
transmitted to the optical bench 112 using fiber optics cable
115. The light beam 1s then manipulated by beam optics 125,
which directs the light beam to i1lluminate selected parts of the
DUT 160. The beam optics 125 consists of a Laser Scanning
Microscope (LSM 130) and beam manipulation optics (BMO
135). The specific elements that are conventional to such an
optics setup, such as objective lens, etc., are not shown. Gen-
crally, BMO 133 consists of optical elements necessary to
mampulate the beam to the required shape, focus, polariza-
tion, etc., while the LSM 130 consists of elements necessary




US 8,754,633 B2

3

for scanning the beam over a specified area of the DUT. In
addition to scanning the beam, the LSM 130 has vector-
pointing mode to direct the laser beams to anywhere within
the field-of-view of the LSM and Objective Lens. The X-Y-Z
stage 120 moves the beam optics 125 relative to the stationary
DUT 160. Using the stage 120 and the vector-pointing mode
of the LSM 130, any point of interest on the DUT 160 may be
illuminated and probed.

For probing the DUT 160, the ATE 140 sends stimulus
signals 142 to the DUT, 1n synchronization with the trigger
and clock signals provided to the phase-locked loop on the
time-base board 155. The phase-lock loop controls the MLL
104 to synchronize 1ts output pulses to the stimulus signals
142 to the DUT. MLL 104 emits laser pulses that illuminate a
particular device of interest on the DUT that 1s being stimu-
lated. The reflected light from the DUT 1s collected by the
beam optics 125, and 1s transmitted to photodetector 138 via
fiber optic cable 134. The reflected beam changes character
depending on the reaction of the device to the stimulus signal.
To monitor incident laser power, for purposes of compensat-
ing for laser power fluctuations, for example, optical bench
112 provides means to divert a portion of MLL 104 incident
pulse to photodetector 136 via fiber optic cable 132. The
output signal of the photosensors 136, 138 is sent to signal
acquisition board 150, which, 1n turn, sends the signal to the
controller 170. By manipulation of the phase lock loop on the
time-base board 155, controller 170 controls the precise time
position of MLL 104 pulses with respectto DUT 160 stimulus
signals 142. By changing this time position and monitoring
the photosensors signals, the controller 170 can analyze the
temporal response of the DUT to the stimulus signals 142.
The temporal resolution of the analysis 1s dependent upon the
width of the MLL 104 pulse.

It 1s also known 1n the art to perform continuous wave LVP,
wherein a continuous wave laser 1s used to 1lluminate a device
on the DUT and the continuously reflected light 1s collected.
The continuously reflected light contains timing information
relating to the response, 1.¢., switching, of the active device to
various stimulus signals. The reflected light signal 1s continu-
ously converted 1nto electrical signal by a photodetector, e.g.,
avalanche photodiode (APD) and 1s amplified. The timing
information 1s contained within the electrical signal and rep-
resents detected modulation of the device, which can then be
displayed in either the time-domain using an oscilloscope or
in the frequency domain using a spectrum analyzer.

Recently the technology of laser voltage imaging has been
developed to provide a two-dimensional gray-scale image
correlating to voltages at different points in an area of the
DUT. More specifically, an LSM 1s used to raster-scan an area
of the DUT and at each point within the area the retlected light
signal 1s collected and provides a single data value. That 1s,
rather than providing the spectra over a range of {frequency
band, at each point the amplitude of the signal at a particular
frequency spectrum 1s obtained from the spectrum analyzer.
In practice, the spectrum analyzer 1s set to extract a single
frequency of interest (called zero-span), and to provide an
output value that 1s directly proportional to the strength of the
received signal at that frequency. Consequently, as the LSM
scans the selected area of the DU, 11 there 1s no activity at the
frequency of interest, the spectrum analyzer provides low or
no output, while if there 1s activity at that frequency, the
spectrum analyzer provides high output. That 1s, the spectrum
analyzer provides an output signal whose amplitude 1s pro-
portional to the strength of the signal at the selected frequency
of interest. This output can be used to generate a map of the
scanned area, showing gray-scale levels corresponding to
device activity at each point 1n the scanned area.
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While the above systems and methods provide valuable
information about the functionality of the DUT, 1t 1s desirable
to non-invasively obtain further information about the
response ol various active devices within the DUT.

SUMMARY

The following summary 1s included 1n order to provide a
basic understanding of some aspects and features of the
invention. This summary 1s not an extensive overview of the
invention and as such it 1s not intended to particularly identity
key or critical elements of the invention or to delineate the
scope of the mvention. Its sole purpose 1s to present some
concepts of the invention 1n a simplified form as a prelude to
the more detailed description that 1s presented below.

Various embodiments of the present invention provide
apparatus and method for laser voltage imaging state map-
ping of a DUT.

An apparatus and method for laser probing of a DUT 1s
disclosed. The system enables laser voltage imaging state
mapping of devices within the DUT. A selected area of the
DUT 1s 1lluminated while the DUT 1s receiving test signals
causing certain active devices to switch. Light reflected from
the DUT 1s collected and 1s converted into an electrical signal.
Phase information 1s extracted from the electrical signal and
a two-dimensional image 1s generated from the phase infor-
mation, wherein the two-dimensional 1mage spatially corre-
lates to the selected area.

Other aspects and features of the mvention will become
apparent from the description of various embodiments
described herein, and which come within the scope and spirit
of the ivention as claimed 1n the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a general schematic depicting major components
ol a laser-based voltage probe system architecture according
to the prior art.

FIG. 2 1s a diagram 1illustrating the main component of a
system according to an embodiment of the invention.

FIG. 3 1s a diagram illustrating waveforms of signals at
selected points A and B.

FIG. 4 1s a diagram 1illustrating waveforms of signals at
selected points A and B and their interference with an added
interference signal.

FIG. 5 1s a diagram 1illustrating an embodiment of the
invention wherein the ‘RFE interference’ signal 1s added to the
“conditioned” signal from the APD and is supplied to a spec-
trum analyzer. In this context, “conditioned” may mean
amplified, shifted, converted from current to voltage and vice
versa, etc.

FIG. 6 depicts an embodiment of the present invention that
1s a variation of the embodiment of FIG. 5.

FIG. 7 depicts another embodiment of the present inven-
tion wherein the ‘RF interference’ signal 1s added to the
“conditioned” signal from the APD and 1s supplied to a spec-
trum analyzer.

FIG. 8 depicts yet another embodiment of the present
invention wherein the ‘RF interference’ signal 1s added to the
“conditioned” signal from the APD and is supplied to a spec-
trum analyzer.

The mvention 1s described herein with reference to particu-
lar embodiments thereof, which are exemplified in the draw-
ings. It should be understood, however, that the various
embodiments depicted in the drawings are only exemplary
and may not limit the invention as defined in the appended
claims.
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DETAILED DESCRIPTION

Various embodiments of the present mvention provide
apparatus and method for non-invasive, non-contact method
for differentiating the relative polarity of active transistors
within a selected area of the DUT, without prior knowledge of
the design of the IC. These system and method are referred to
herein as laser voltage imaging (LVI) state mapping ofa DUT.
The described methodologies augment the prior art system by
providing phase information for various active devices within
the DUT. The phase information can be provided in the form
ol a map of a scanned area of the DU'T, wherein grayscale 1s
used to indicate phase information of active devices, 1.e.,
transistors, that are located within the scanned area. This
enables testing and debug o1 IC’s even when the circuit design
1s not available.

According to one embodiment of the invention, a lock-1n
amplifier 1s used to perform LVI state mapping of an area of
interest within the DUT. This embodiment provides the abil-
ity to observe relative logic states of the various active tran-
sistors by extracting phase information from the reflected
laser light. According to one embodiment, the lock-1n ampli-
fier 1s used to determine the phase of the retlected signal
relative to a reference signal, which may be generated inter-
nally by the lock-1n amplifier, or fed externally to the lock-in
amplifier. According to one implementation, this i1s achieved
by replacing the spectrum analyzer of a conventional LVI
with a lock-1n amplifier.

FIG. 2 1s a schematic of a system according to an embodi-
ment of the invention for performing the phase detection and
mapping. In FIG. 2, a lock-in amplifier 1s used in placed of the
spectrum analyzer, which 1s used 1n the prior art known sys-
tem. A laser source 210 provides a laser beam (shown as solid
arrow ) which 1s fed into the mput fiber optics 2135. An optical
I/0O module 214 shapes the beam and provide a conditioned
beam to the LSM 230, which scans the conditioned beam onto
a selected area of the DUT 260. In this particular example, the
path form the LSM 230 to the DUT 260 includes a scanning,
lens, a reflecting mirror, a tube lens, a waveplate, and an
objective lens. These elements are provided to properly scan
the laser beam over the selected area of the DUT, but other
clements can be used as needed for a particular design.

As the laser beam 1s scanned over the selected area of DUT
260, a stimulus signal 240 1s applied to the DUT 260, such
that active elements within the DUT 260 modulate, 1.e., tran-
sistors within the DUT switch. The stimulus signal 240 can be
generated by a function generator, an ATE, etc. As active
devices switch, they change the absorption coetlicient and the
refractive index of the material making the device, e.g., sili-
con, such that the amplitude of the reflected laser beam
(shown as broken arrow) 1s modulated correspondingly. The
reflected beam 1s collected by the optical elements and
directed onto the output fiber 232, which directs the beam
onto a sensor. In this particular example an avalanche photo-
diode APD 236 1s used, but other photosensors can be used,
such as, e.g., PIN sensor. The output signal of the APD 1s input
to trans-impedance amplifier 237 and the output of the TIA 1s
input into a signal separator, such as a bias-tee (diplexer) 250,
which outputs a DC component and an AC component. The
DC component 1s amplified by the video amplifier 252 and 1s
sent to the frame grabber 254 for generating an 1image of the
scanned area of the DUT. The AC component (at RF fre-
quency ) 1s conditioned by RF amplifier 273 and 1s then sent to
the lock-in amplifier 270. The output of the lock-in amplifier
2770 1s also amplified by a video amplifier 256 and 1s used to
generate a phase 1mage of the scanned area. As will be
described more fully below, the X/Y or R/ output of the
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lock-1n amplifier 1s converted 1nto a gray scale image of the
scanned area, wherein the values of the gray scale represent
the phase of active devices 1n the scanned area of the DUT.

The operation of an embodiment of the invention that uti-
lizes a lock-1n amplifier will now be described. The X and Y
values of the lock-in amplifier are proportional to the ampli-
tude and relative phase of the signal, 1.¢.,

Xalt . cos®

Sig

YaV_ . sin®

sig

Wherein V;_ 1s the amplitude of the signal of interest (re-
flected laser beam), © 1s the phase difference between the
signal of interest and a reference signal (e.g., a reference
clock signal), 1.e., ®=0,, -0, . For a pair of transistors
modulated at opposite states or polarity, the X or Y output
values would be at opposite polarities, regardless of the phase
of the mput reference frequency. For example, 11 transistor A
1s modulating at ©,, then transistor B 1s modulating at
0,=0,+/-180° (out of phase). Therelore, the X value for
transistor A 1s proportional to cos ®,, while the X value for
transistor B 1s proportional to cos &, +/-180°. That is:

X, aV . cos®,

sig

XpaV . cos(®+/-180°)=—V__cos ® =X,

sSig Sig

Similarly,

Y,aV__ sin®,

SIS

YBCE Vng Siﬂ(@l+/—1800):— P; Siﬂ @IZ—YA

Theretore, the relative logic states can be extracted from the
lock-1n amplifier’s X or Y output. It should be noted, however,
that this scheme 1s not limited to in phase and out of phase
detection. Rather, so long as the phase difference between the
two transistors 1s larger than ninety degrees, the X and Y
values of these two transistors will be of opposite polarity,
albe1t at different absolute amplitude. The X orY output of the
lock-in amplifier may be converted to gray-scale image,
wherein the values of each pixel corresponds to the phase at
that spatial location.

According to another embodiment, a combination of the
lock-1n amplifier’s R and © values are used. According to this
embodiment:

R=V;~V(X*+Y°)

g

O=tan(¥/X)

® 1s the phase difference between the signal of interest and a
reference signal. However, when the laser beam scans over an
area of the IC where there are no transistors, there 1S no
reflected RF electrical signal and the ® value i1s random.
Consequently, the ® output voltage of the lock-1n amplifier 1s
random, which will be seen as noise. This can cause the ®
value coming from the transistors to be masked by the ©
“noise”. Theretfore, according to one embodiment the R out-
put 1s monitored to determine whether the ® output voltage
value should be used or not, 1.e., whether 1s ® value 1s random
or not. A retlected RF electrical signal will result in a non-zero
value for R, which 1n turn allows the ® value to be used for
that particular pixel 1n the scanned area of the IC. On the other
hand, a non-existing retlected RF electrical signal will give an
almost zero value to R, which 1n turn disallows the use of the
® value for that particular pixel. In one example, a threshold
1s set for the amplitude of R value which allows/disallows the
use of the © value.
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According to the above embodiment, for a pair of transis-
tors modulating at opposing states, the difference 1n the ®
value would be a constant 180 degrees (A®=0 ,— _.=180°)
regardless of the phase of the input reference frequency. A
lock-1n amplifier would typically output an analog voltage of
+/-=V to correspond to the measured phase difference of
+/—180°. Since the phase difference 1s 180°, the analog volt-
age amplitude difference would be V (AV=V -V .=V). The
relative polarity between the two transistors can be then
extracted by setting a threshold value that 1s between V , and
V » using various methods.

According to various other embodiments of the invention,
the ability to observe relative logic states 1n the LVI 1s mani-
tested by the introduction of ‘RF interference’ mnto the acqui-
sition system, and supplying the resulting signal to a spectrum
analyzer. The term acquisition system 1s meant to include any
one or combination of the APD, the TIA, the Bias-Tee, the RF
amplifier, and the spectrum analyzer, 1.e., the ‘RF interfer-
ence’ may be coupled into any of these or at any point 1n their
connections. Herein, we refer to the frequency spectra of this
‘RF 1nterference’” as ‘interference’ spectrum and it served a
somewhat similar function to the reference signal in the
embodiment of FIG. 2. In the following embodiments the use
of a swept-tuned, superheterodyne spectrum analyzer 1s 1llus-
trated, but similar results can be achieved using other means,
such as real-time spectrum analyzer (also called FFT spec-
trum analyzer), vector signal analyzer, eftc.

For effective results, the ‘RF interference’ should be at the
same frequency and be synchronous with the internal signals
under analysis. If 1t meets these requirements, this ‘RF inter-
terence’ will interfere either constructively or destructively
with the detected modulation (converted from optical to elec-
trical by the acquisition system) of the transistors carrying the
internal signals under analysis. If the destructive interference
brings the amplitude of the electrical signal below the ampli-
tude of the electrical signal of ‘RF interference’ alone, the
resulting spectra would have less energy than the ‘interfer-
ence’ spectra. Phase shifting of the ‘RF interference’ signal
may be done to ensure that the ‘RF interference’ signal 1s
in-phase and out-of-phase with the signals of interest for
optimal/maximum constructive and destructive interference.

To 1illustrate, reference 1s now made to FIG. 3, showing
wavelorms of signals at selected points A and B. Assume for
this example that point A and point B are the same 1nstances
of an 1inverter, connected 1n series. This means that the signals
at point A and point B are out-of-phase or opposite logic states
relative to each other. The modulation detected by the acqui-
sition system 1s illustrated 1n FIG. 3, although in reality the
signal level would be very low, between sub-microvolts to
hundreds of microvolts, and requires averaging to achieve
desired SNR. In this 1llustration, the term ‘signal’ refers to the
clectrical signal of the detected optical modulation. To a
conventional spectrum analyzer, since both wavetforms have
the same amplitude, the power of the spectra at the frequency
ol interest 1s the same—there 1s no differentiation between
points A and B.

Using embodiments of the invention, if ‘RF interference’
clectrical signal, at the same frequency and also 1n synchro-
nous with the above modulated signal, 1s mtroduced to the
acquisition system, the electrical signals of the detected
modulation at points A and B will interfere with this intro-
duced signal. Such situations are illustrated 1n FIG. 4. If the
‘RF interference’ signal, shown as 1, _and having amplitude x
a.u., nterferes with the signal at point A (also having ampli-
tude x a.u.), the resulting electrical signal would have added
amplitude, 1.e., 2 X a.u., as shown by wavetorm 2.,_,. On the
other hand, 11 the interference signal, 1, ., interferes with the

R ¥ ¥

5

10

15

20

25

30

35

40

45

50

55

60

65

8

signal at point B, the resulting electrical signal would be a
null, 1.e., 0 a.u., as shown by wavetorm 2., .. Theretore, there
will be three different amplitudes at the spectrum of interest
that the spectrum analyzer will measure.

2X a.u at point A

X a.u. where there 1s no activity (only RF interference
signal 1s measured)

0 a.u at point B
Normalizing this into a grayscale level, one would see white
pixels at point A, gray pixels at points with no activity (back-
ground level), and black pixels at point B, hence providing a
relative logic state mapping between point A and B.

As noted above, the introduction of an interference signal
can be done at different points of the acquisition system. The
‘RF mterference’ signal may be collected by a variety of
ways, e.g., through an electrical connector or picked up by an
antenna as there will be some amount of ‘RF interference’
clectromagnetic waves emitted from the test cell (stimulus,
DUT, etc). The ‘RF interference’ signal may then be coupled
into the acquisition by a variety of ways, €.g., using a sum-
ming amplifier/voltage adder or through intentional transmis-
sion of ‘RF interference’ electromagnetic waves or through a
simple electrical T-connection.

Regardless of the collection and coupling of the ‘RF inter-
terence’, the collected ‘RF interference’ signal needs to be
gain conditioned (in simple terms based on the illustrations
above). A programmable RF amplifier 1s required to either
boost or attenuate the amplitude of the collected ‘RF inter-
ference’ signal, depending on how the signal was collected.
The ‘RF interference’ signal may be also phase-conditioned
to allow for maximum interference. One might require phase
shifting the ‘RF interference’ signal i1 the gain-conditioning
cannot achieve suilicient constructive or destructive interfer-
ence due to the ‘RF mterference’ signal having a slight phase-
shift relative to a particular signal under analysis.

FIG. 5 illustrates an embodiment of the invention wherein
the ‘RF interterence’ signal 1s collected through cables (elec-
trical signal) or antenna (RF electromagnetic waves). The RF
interference may be collected from the DUT, the tester (e.g.
ATE), a tester board, a DUT board, or cables that iterface
these components. The ‘RF interference’ signal 1s condi-
tioned (gain/attenuate and phase shift) before being added
with a summing amplifier or voltage adder after the RF ampli-
fier. The 1llumination and beam retlection collection parts of
the embodiment of FIG. 5 are similar to that of FIG. 2 and
would therefore, not be described here again. What follows 1s
a description of the clements that are different from the
embodiment of FIG. 2. Most notable, the lock-in amplifier of
FIG. 2 if replaced by a spectrum analyzer 572 in FIG. 5.
However, in order to enable the spectrum analyzer to detect
and generate a signal indicative of phase, the following ele-
ments are added. Namely, an interference signal 1s collected
from an antenna 580 or a cable 582 (note that while both
antenna and cable are shown 1n this embodiment, this 1s for
illustration only and one may include only one or the other or
both). The interference signal 1s conditioned, 1.e., amplified or
attenuated, by the signal conditioner 571 and 1s then phase
shifted by phase shifter 570. The conditioned interference
signal 1s then input to a summing amplifier or voltage adder
574, to be added to the conditioned signal of the APD. The
output 1s then provided to the spectrum analyzer 572. The
output of the spectrum analyzer 1s provided to a video ampli-
fier, which provides 1ts signal to a data acquisition module. In
this example, a frame grabber 1s used to generate a gray scale
image mapping indicative of the phase of the active elements
within the scanned area of the DUT. Of course, any other data
acquisition card or module can be used.
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FIG. 6 depicts an embodiment of the present invention that
1s a variation of the embodiment of FIG. 5. Notably, in FIG. 6
the addition of the ‘RF interference’ signal 1s done before the
RF amplifier 273. That 1s, the conditioned interterence signal
1s added to the RF signal from the bias-tee 250 by the sum-
ming amplifier or voltage adder 674. The output of the adder
674 1s then amplified by RF amplifier 273 and 1s then input to
the spectrum analyzer.

FI1G. 7 depicts an embodiment of the present invention that
1s a variation of the embodiment of FIG. 5. Notably, 1n FI1G. 7
the addition of the ‘RF interference’ signal 1s done by radiat-
ing the interference signal onto the electrical path of the APD
signal. That 1s, the conditioned interterence signal 1s applied
by the RF gain/attenuator 570 and/or phase shifter 571 to an
antenna 700. The antenna 700 1s placed such that 1ts radiation
would be directed to the electrical path of the signal from the
APD and be detected by and interfere with the signal of the
TIA 237, Bias Tee 250 and/or amplifier 273. In this manner,
the interference signal 1s added onto the signal that is input to
the spectrum analyzer 572.

FIG. 8 depicts yet another embodiment of the present
invention that 1s a varnation of the embodiment of FIG. 5.
Notably, 1n FIG. 8 the addition of the ‘RF interference’ signal
1s done by coupling the interference signal onto the condi-
tioned APD signal using a T-connection coupler. That 1s, the
conditioned interference signal 1s applied to T-connection
874 which also receives the conditioned signal from amplifier
2'73. In this manner, the interference signal 1s added onto the
signal that 1s input to the spectrum analyzer 572.

While the mvention has been described with reference to
particular embodiments thereof, it 1s not limited to those
embodiments. Specifically, various variations and modifica-
tions may be implemented by those of ordinary skaill in the art
without departing from the invention’s spirit and scope, as
defined by the appended claims. Additionally, all of the
above-cited prior art references are incorporated herein by
reference.

What 1s claimed 1s:

1. A method for state mapping of active devices within a
device under test (DUT), comprising:

illuminating a selected area of the DUT while the DUT 1s

receiving test signals causing certain of the active
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devices to modulate, the selected area having at least two
of the active devices situated therein and the two active
devices modulating at opposing logic states;

collecting reflected light from the selected area;

converting the reflected light into an electrical signal;

extracting relative phase information of the two active
devices from the electrical signal to thereby extract the
logic states of active devices within the DUT;

generating a two-dimensional image from the phase infor-
mation, wherein the two-dimensional image spatially
correlates to the selected area.

2. The method of claim 1, wherein extracting phase infor-
mation comprises mixing the electrical signal with an inter-
ference signal.

3. The method of claim 2, wherein mixing comprises
applying the electrical signal and an interference signal to a
spectrum analyzer.

4. The method of claim 3, further comprising collecting
clectromagnetic radiation emitted by at least one of the DUT,
a tester, a test board, a DUT board, and cables to generate the
interference signal.

5. The method of claim 4, further comprising conditioning
the interference signal prior to the mixing.

6. The method of claim 5, wherein conditioning comprises
at least one of: amplilying, attenuating, and phase shifting.

7. The method of claim 3, wherein mixing comprises com-
bining the electrical signal and the iterference signal 1n one
of a summing amplifier and a voltage adder.

8. The method of claim 7, further comprising RF amplify-
ing the electrical signal prior to combining.

9. The method of claim 3, wherein mixing comprises
applying the electrical signal and the interference signal to a

1-connector.

10. The method of claim 3, wherein generating a two-
dimensional 1mage comprises applying output of the spec-
trum analyzer to a data acquisition module.

11. The method of claim 2, wherein mixing the electrical
signal with an mterference signal comprises mixing the elec-
trical signal with an RF interference signal.
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